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Abstract 
 
Rice (Oryza sativa L.) can be divided into two major categories, which is upland rice and lowland rice. Apart from being the 
staple food for more than half of the world population, it is also known as model plant for functional genomics study. However, it 
possess high amount of starch and polysaccharide that makes the isolation of good quality RNA for downstream purposes often 
a difficult task. While there are many studies being carried out for lowland rice extraction, none has been reported for upland 
rice. This study is the first to report on evaluation of three RNA extraction methods for three Malaysian upland rice cultivars in 
order to determine the best method to isolate high grade RNA. The result obtained demonstrated that good quality RNA in terms 
of integrity, purity and quality can be isolated from young leaves of these cultivars  by using guanidine isothiocyanate based 
extraction method that is fast, simple and efficient and had been proven suitable for further downstream applications.   
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Abstrak 
 
Padi (Oryza sativa L.) boleh dibahagikan kepada dua kategori utama, iaitu padi bukit dan padi sawah. Selain daripada menjadi 
makanan ruji untuk lebih daripada separuh penduduk dunia, ia juga dikenali sebagai tumbuhan model bagi kajian genomik 
fungsian. Walau bagaimanapun, ia mempunyai jumlah kanji dan polisakarida yang sangat tinggi yang menyebabkan 
kesukaran pengasingan RNA berkualiti bagi tujuan proses hiliran. Walaupun terdapat banak kajian pengekstrakan RNA 
dijalankan bagi padi sawah, tiada yang dilaporkan untuk padi bukit. Kajian ini adalah yang pertama melaporkan penilaian tiga 
kaedah pengekstrakan RNA dari tiga kultivar padi bukit Malaysia bertujuan menentukan kaedah terbaik bagi penghasilan RNA 
bergred tinggi. Hasil kajian yang diperolehi menunjukkan bahawa RNA yang berkualiti dari segi integriti, ketulenan dan kualiti 
boleh diperolehi dari daun muda kultivar –kultivar ini dengan menggunakan kaedah pengekstrakan berasaskan guanidine 
isothiocyanate yang pantas, mudah dan efisien dan terbukti  sesuai untuk tujuan aplikasi hiliran selanjutnya.   
 
Kata kunci: Padi bukit Malaysia, Pengekstrakan RNA, guanidine isothiocyanate, ketulenan, aplikasi hiliran 
 
© 2016 Penerbit UTM Press. All rights reserved 
  
 
 
1.0  INTRODUCTION 
 
Rice or its scientific name Oryza sativa L. is one of the 
most important members of the family Poaceae. It 
can be grown in two ecosystems; 1) lowland or 
wetland and 2) upland or dryland. Classification of 
the better known rice is the lowland version which 
includes irrigated lowland rice, rainfed lowland rice, 
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deep water rice and tidal or coastal wetland. The 
lowland rice survives under adequate water supply 
with some of them able to survive certain level of 
drought and some could survive flooding condition. 
Although not as well-known as its lowland 
counterpart, upland rice thrives with minimum water 
requirement or rainfed and is drought tolerant. This 
staple food is grown commercially in many parts of 
the world, particularly in tropical and subtropical 
areas such as Asia and Latin America that occupied 
150 million hectares of land for more than 10, 000 
years [1] and also widely used as model plant for 
genomics studies [2-4]. However, this plant possesses 
very high amount of starch and polysaccharide [5] 
that makes the isolation of good quality ribonucleic 
acid (RNA) for downstream applications such as 
polymerase chain reaction (PCR), complementary 
deoxyribonucleic acid (cDNA) library construction 
and northern blotting often a difficult task. This is 
mainly because this substance could give significant 
impact to the quality and quantity of the RNA 
produced [6-7] by binding or co-precipitate with RNA 
and inhibit enzyme activity [5, 8]. With the 
advancement of molecular technology, various 
numbers of studies has been carried out in order to 
determine the best method to obtain good quality 
RNA from lowland rice [9, 10]. However, thus far, 
there is no report on RNA extraction from upland rice. 
Therefore, in this study, three different RNA extraction 
protocols namely PUREzol reagent (Bio-Rad), QIAGEN 
RNeasy Plant Mini Kit (QIAGEN) and modified CTAB 
method described by [11] were evaluated based on 
integrity, purity and quality of the RNA obtained in 
order to determine the best method to isolate good 
quality RNA from young leaves of Malaysian upland 
rice. 
 
 
2.0 EXPERIMENTAL 
 
2.1  Plant Material 
 
Three cultivars of upland rice locally named Wai, 
Hitam and Bario obtained from Sarawak, Malaysia 
were cultivated in the glasshouse in Faculty of 
Biosciences and Medical Engineering, Universiti 
Teknologi Malaysia, Malaysia. After a month, the 
young leaves were harvested, immersed in liquid 
nitrogen and stored at −80°C prior to use. 
 
2.2  RNA Extraction Protocols 
 
Three different RNA extraction protocols were carried 
out. The first protocol is RNA extraction by using 
PUREzol RNA isolation reagent from Bio-Rad. It was 
done as per manufacturer’s instruction. The second is 
by using QIAGEN RNeasy Plant Mini Kit from QIAGEN 
and the procedure was performed according to 
manufacturer’s handbook. The third protocol is 
modified CTAB method that was carried out as 
described by [11]. 
 
2.3  RNA Analysis 
 
The integrity of the RNA was assessed by 
electrophoresis on 1.2% (w/v) agarose gel stained 
with SYBR Safe (Invitrogen) followed by visualization 
under the UV light by using Gel documentation unit 
(Fisher Scientific) and the purity was measured at 
absorbance ratio of A260/A280 using NanoDrop 1000 
spectrophotometer (Thermofisher). The quality of RNA 
was analysed by performing cDNA synthesis and 
reverse transcription polymerase chain reaction (RT-
PCR). The isolated RNA was treated with DNase I 
(Promega) as per manufacturer’s instruction to 
remove any traces of DNA and cDNA was 
synthesized using iScript Select cDNA Synthesis Kit 
(Bio-Rad). Reference gene known as 18S was used 
for RT-PCR and the amplification was carried out in a 
master cycler (Eppendorf) for 30 cycles. The 
thermocycling profiles were predenaturation at 94°C 
for 3 minutes, denaturation at 94°C for 1 minute, 
annealing at 54°C for 1 minute, extension at 72°C for 
2 minutes and final extension at 72°C for 10 minutes. 
The amplicon was evaluated via gel electrophoresis 
with 1.2 % (w/v) agarose SYBR Safe-stained gel. 
 
 
3.0  RESULTS AND DISCUSSION 
 
3.1  RNA Quality of Malaysian Upland Rice 
 
Good RNA extraction method is of paramount 
importance in molecular studies as it is one of the key 
factors that will determine the success of the 
downstream applications. In this study, RNA from 
three cultivars of Malaysian upland rice namely Wai, 
Bario and Hitam were isolated using three different 
methods and evaluated based on the integrity, 
purity and quality. This is due to the fact that the 
successful RNA isolation is largely determined by 
these parameters [12]. The first and the second 
method (PUREzol reagent and QIAGEN RNeasy Plant 
Mini Kit) are based on chaotropic agent, guanidine 
isothiocyanate to recuperate the RNA.  On the 
contrary, the other method is based on surfactants 
agent, Cetyltrimethylammonium bromide (CTAB), 
with the aid of antioxidant compound, β-
mercaptoethanol and polyvinylpyrrolidone (PVP) [13] 
and lithium chloride (LiCl) to recover the RNA. Figure 
1 shows the integrity of RNA that has been assessed 
in 1.2% (w/v) agarose gel electrophoresis for all three 
methods. Figure 1 shows a variation of 28S and 18S 
ribosomal RNA bands which implies the different 
concentration of the samples. 
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Figure 1 RNA of three different cultivars on 1.2 % (w/v) 
agarose gel extracted using three different methods.  RNA 
products in panel P were extracted by PUREzol reagent, 
cultivar P1: Wai, P2: Hitam, and P3: Bario respectively; RNA 
products in panel Q were extracted by QIAGEN RNeasy kit, 
cultivar Q1: Wai, Q2: Hitam, and Q3: Bario respectively; RNA 
products in panel C were extracted from modified method 
of CTAB, cultivar C1: Wai, C2: Hitam, and C3: Bario 
respectively 
 
 
All three methods produced intact band for 28S 
and 18S ribosomal RNA. However, both ribosomal 
RNA for modified CTAB method is slightly faint 
comparing with the other two methods. The purity of 
RNA was determined by absorbance ratio of 
A260/A280 where the desired range is within 1.8 – 2.1, 
which indicates the RNA is high in purity and free 
from contaminants like protein [14, 11]. Table 1 shows 
purity of RNA isolated from young leaves of three 
upland rice cultivars by using the aforementioned 
methods. The result indicated that all of the method 
used could produce RNA with acceptable purity 
value. Even though all three protocols could give 
acceptable results, guanidine isothiocyanate based 
method has advantages in terms of short duration of 
time needed and simplicity, thus could process large 
number of sample. Meanwhile, the CTAB based 
method is time-consuming, cumbersome and 
laborious [15, 16]. Moreover, it involved the use of LiCl 
to precipitate the RNA which could interfere with 
downstream reactions [17] such as the amplification 
of rare transcripts where large amount of RNA 
template and high numbers of cycles is used [18]. 
Additionally, between two guanidine isothiocyanate 
based methods, PUREzol RNA isolation reagent gives 
better result in terms of RNA concentration and yield 
to compare with QIAGEN RNeasy Plant Mini Kit. There 
have been reports that guanidine isothiocyanate 
based method such as QIAGEN RNeasy Plant Mini Kit 
and TriZOL reagent (Invitrogen) produced low quality 
RNA in Fritillaria unibracteata [19], Mangrove [20] 
and Lycium barbarum [21] in different plant tissues. 
However, there is no universal RNA extraction 
method exists yet, which is due to the chemical and 
biological diversities of plants and tissues used [22, 
23]. Nevertheless, guanidine isothiocyanate based 
method has been proven to be effective for isolating 
RNA from young tissues [24] of crop like rice and 
barley and model plant, Arabidopsis [12, 25]. 
 
 
 
 
 
 
 
Figure 2 RT-PCR amplification products from RNA of three 
different cultivars extracted using three different methods. 
The size of each PCR product was consistent at 
approximately 150 bp. M (Promega 100 bp ladder), C 
(negative control using distilled water), 1-9 represented 
cDNA products. 1 (Wai), 2 (Hitam), 3 (Bario) isolated using 
QIAGEN RNeasy Plant Mini Kit. 4 (Wai), 5 (Hitam), 6 (Bario) 
isolated using PUREzol reagent.7 (Wai), 8 (Hitam), 9 (Bario) 
isolated using modified CTAB method 
 
Table 1 Purity of RNA isolated from three upland rice 
cultivars using three different methods. Concentration was 
based on actual Nanodrop spectrometry readings and 
yield was calculated against 100 mg fresh weight (FW) of 
starting material 
 
Method Sample A260/A280 
Concentration 
(ng/µL) 
Yield 
(µg/100 
mgFW) 
PUREzol 
Reagent 
Wai 1.84±0.03 348.83±9.47 13.95±0.38 
 Hitam 1.96±0.08 616.7±6.96 24.67±0.28 
 Bario 2.05±0.03 702.53±12.45 28.10±0.5 
RNeasy 
Plant 
Mini Kit 
Wai 2.05±0.02 261.57±14.13 10.46±0.57 
Hitam 2.09±0.01 540.7±3.3 21.62±0.14 
 Bario 2.1±0.02 523.77±5.95 20.95±0.24 
Modified 
CTAB [9] 
Wai 2.18±0.07 278.33±12.59 11.13±0.5 
Hitam 2.13±0.06 286.4±3.66 11.46±0.15 
Bario 2.11±0.04 314.5±7.85 12.58±0.31 
Values represents the mean ± SEM (n=3) 
 
 
3.2  Evaluation of RNA in Downstream Application 
 
Reverse transcription is very sensitive to impurities [26] 
as reverse transcriptase enzyme could be inhibited 
by exonucleases, endonucleases, photosynthetic 
pigments and polysaccharides [27, 28]. Therefore, in 
order to ensure the RNA isolated is high in quality and 
suitable for subsequent downstream applications, the 
first strand cDNA was synthesized and RT-PCR analysis 
was carried out by using 18S primer. As shown in 
Figure 2, successful bands corresponding to the 
expected size of the 18S housekeeping gene from 
each method and varieties of rice proved the quality 
of the RNA for further downstream utilization. Better 
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band intensity was also observed from rice varieties 
isolated using guanidine isothiocyanate methods. 
 
 
4.0  CONCLUSION 
 
It was demonstrated that good quality RNA can be 
isolated from three Malaysian upland rice cultivars 
using guanidine isothiocyanate based extraction 
method in a fast, simple and efficient way. 
Supported by evaluation of the RNA obtained via RT-
PCR, the result indicates that this method is reliable 
and suitable for young leaves tissues of the 
aforementioned Malaysian upland rice cultivars for 
further downstream analysis.  
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